The click reaction is one of the latest techniques for the chemical modification of bioactive compounds. Chemical modifications of -amino acid side chains are gaining significance as useful and important tools for biochemical research. Biotinylation at side chain of propargylglycine using click reaction was examined. The detail quantitative analysis of Cu(I) concentration are performed to proceed the click reaction effectively.
(Biotin-PEG-azide, 2) with click chemistry. Furthermore, time course quantitative analysis of the Cu(I) concentration was performed to proceed the click reaction. Scheme 2. Synthesis of biotin-PEG-azide derivative (2) from biotin N-hydroxysuccinimide ester (4) and H 2 N-PEG-azide (5) . i) TEA, DMF, rt, 12 h, 83 %.
The biotin-PEG-azide (2) is subjected to click reaction with DL-propargylglycine (3) . Neither Cu(I) generated system with Cu(II) salts (CuSO 4 or Cu(OAc) 2 , 0.1 eq) and sodium ascorbate (0.2 eq) nor Cu(I) directly system with Cu(I) halides (CuI, CuBr and CuCl, 0.1 eq) afford click products at room temperature for 12 h. No improvements of the yields were observed by increasement of the copper catalysts and of reaction time. These results promoted us to investigate detail reactivities of both substrates (2 and 3) to overcome the results.
The biotin-PEG-azide (2) has already been subjected to click reaction with oligo(p-phenylene vinylene) in general manner without any difficulties. 5 Boc-PEG-azide and biotin-PEG-azide (octaethyleneglycol) were applied to click reaction with 4-ethynyltoluene to make sure the reactivity of biotin and PEG moiety. The reaction smoothly proceeded in the presence of Cu(I) halides at rt for 12 h. The combination of Cu(II) salt and sodium ascorbate also applied in the same reaction conditions. DL-Propargylglycine (3) was subjected to click reaction with benzyl azide (6) . Neither Cu(I) halides nor Cu(II) salts-sodium ascorbate afforded the click reaction at room temperature. Although the Cu(II) salts-sodium ascorbate systems afforded the click product at 75 °C, Cu(I) halides did not promote the reaction at same temperature. The click product 7 was detected in the presence of Cu(I) halides and sodium ascorbate at 75 °C in good yield (Scheme 3). These results indicated that the free -amino acid skeleton of 3 hampered the click reaction by decrement of Cu(I) concentration in the reaction mixture and high temperature (75 °C) required for optimal click reaction for 3. (3) and benzyl azide (6) in various conditions. All reaction mixtures containing Cu(I) source (0.1 eq) with or without sodium ascorbate (0.2 eq) were reacted at rt or 75 °C.
Quantitative analysis of the Cu(I) concentration during the click reaction were investigated, because Cu(I) was sometimes mentioned about auto-oxidation to form Cu(II). To the best of our knowledge, there is no detail quantitative analysis for Cu(I) concentration during the click reactions. Bathocuproine disulphonic acid was one of the specific colorimetric reagents for the Cu(I) at 485 nm, with a ratio of 2:1 for Cu(I) and the reagent. 6 The acid is also utilized as a chelator for Cu(I) in order to maintain the state of Cu(I) during the click reaction. 7
To CuBr (0.1 eq) in the solvents, propargylglycine (3) and benzyl azide (6) were added in succession. A part of the reaction mixture for each addition was pipetted out, then subjected to colorimetric assay with bathocuproine disulphonic acid. In the click reaction for propargylglycine (3), Cu(I) concentration decreased for the mixture of CuBr and propargylglycine (3) in a time-dependent manner. The decrease was not reversed by the addition of benzyl azide (6) at either rt or 75 °C; furthermore, no triazole formation was observed under these conditions. However, Cu(I) concentration was maintained by the addition of sodium ascorbate (0.2 eq) to the reaction mixture at both rt and 75 °C (Scheme 4A). Although the starting materials were consumed and the triazole (7) was detected at 75 °C, no triazole formation was observed at room temperature. These results consisted with previous results that the effective click reaction for 3 required both high Cu(I) concentration and high temperature.
Typical experiments for state of Cu(I) in the click reaction of benzyl azide (6) with DL-propargylglycine (3) or N-Boc-DL-propargylglycine (8) . Benzyl azide (1 eq) was added to the mixture of alkyne (3 or 8) and CuBr (0.1 eq) in t-BuOH and H 2 O (1:1). A) Click reaction with DL-propargylglycine (3); analysis of Cu(I) is presented for a mixture of a) CuBr and 3 at room temperature (×), b) CuBr, 3, and 6 at room temperature (△), c) CuBr, 3, and 6 at 75 °C (◇), d) CuBr, 3, 6 and sodium ascorbate (0.2 eq) at room temperature (□), and e) CuBr, 3, 6 and sodium ascorbate at 75 °C (○). The click product 7 was only detected for reaction mixture e). B) Click reaction with N-Boc- DL-propargylglycine (8); analysis of Cu(I) is presented for a mixture of f) CuBr and 8 at room temperature (×) and g) CuBr, 8, and 6 at room temperature (□). The click product (9) was detected for reaction mixture g). (6) and N-Boc-DLpropargylglycine (8) in the presence of glycine (10). Alkyne (8) and benzyl azide (6, 1 eq) was added to the mixture of glycine (10, 1 eq) and CuBr (0.1 eq) in t-BuOH and H 2 O (1:1) at room temperature. State of Cu(I) is presented for a mixture of a) CuBr and glycine (10) (×), b) CuBr, 10, and 8 (◇), c) CuBr, 10, 8, and 6 (△), and d) CuBr, 10, 8, 6, and sodium ascorbate (0.2 eq) (□). Product analysis also revealed that click product (9) is detected for the condition of c) at 60% and d) at 90%.
The click reaction of N-Boc-DL-propargylglycine (8) and benzyl azide (6) at room temperature was carried out in the presence of glycine (10, 1 eq) as -amino acid. It was found that Cu(I) concentration
was decreased by addition of glycine and was not affected by the successive addition of N-Boc-DL-propargylglycine (8) and benzyl azide (6) (2) and DL-propargylglycine (3) in various conditions. i) Na ascorbate (0.2 eq), DMF : H 2 O (1 : 7), A) effects on temperature for the click reaction in the presence of CuBr (0.1 eq), B) effects on the catalyst (0.1 eq) for the reaction at 75 °C for 5 h.
According to the results of the experiments listed above, Bio-PEG-azide (2) was subjected to click reaction with DL-propargylglycine (3) . The temperature-dependent manners of the click reaction with Biotin-PEG-azide (2) and DL-propargylglycine (3) in the presence of CuBr and sodium ascorbate were investigated. As same as previous results high temperature effectively promoted the click reaction (Scheme 6A). The reactivities of several catalysts were summarized in Scheme 6B. There was no marked difference between Cu(II) salts and Cu(I) halides in the presence of sodium ascorbate at 75 °C. All catalytic systems afforded the click product with excellent yields.
Although propargylglycine skeleton is one of the suitable for alkyne donor for click chemistry, only a few references have been reported using free propargylglycine. 2 To the best of our knowledge, all references applied the Cu(II) salts-sodium ascorbate system to perform the click reaction for free propargylglycine.
One of the references revealed that free propargylglycine could form the triazole at rt in analytical experiments, but N-Boc-DL-propargylglycine was used for click reaction at rt, followed by deprotection of Boc group to afford N-terminal free click products for preparative scale. 2a The click reaction of DL-propargylglycine (3) with Cu(II) and sodium ascorbate systems carried out at high temperature in other references. Our results, in which the click reaction of DL-propargylglycine (3) with catalytic amounts of Cu(II) salt and sodium ascorbate depended on temperature-dependent manner, were consistent with these previous reports.
Our quantitative analysis revealed first time that the Cu(I) concentration was decreased by free -amino acid when Cu(I) halides were used as Cu(I) source. The decrement of Cu(I) concentration was recovered by addition of sodium ascorbate effectively. Although recover the Cu(I) concentration in the reaction mixture is important but it was not enough to afford the click product. The heating process also needed to afford the click product effectively. Both these conditions are important for the click reaction for free DL-propargylglycine (3) in the presence of Cu(I) halides as catalyst. These results convinced us that there has been no report of the click condition with free propargylglycine and Cu(I) halides. It has been reported that the combination of CuI and histidine promoted a click reaction at room temperature. 8 However, the authors used an equivalent of CuI for the click reaction, the condition was quite different from our systems in which 0.1 equivalent of Cu(I) halide is used. We have observed that Cu(I) concentration was enough to carry out the click reaction in their condition. It has been reported that Cu (0) generated Cu(I) in situ in the presence of amine hydrochloride to proceed the click reactions. 9 The amino group of -amino acids might have important role for the our observations. The click product (1) can be useful tool for the functional analysis of -amino acid skeleton recognized biomolecules (eg -amino acid transporter).
EXPERIMENTAL
General methods. 1 H-and 13 C-NMR spectra were measured by JEOL ECA 500 and EX270 spectrometers for structural determinations. In the 1 H-NMR spectra, the chemical shifts are expressed in ppm downfield from the signal for tetramethylsilane used as an internal standard. In the 13 C-NMR spectra, the 13 C chemical shifts of the solvents were used as the internal standard ( 13 CDCl 3 77.0 ppm; or 13 CD 3 OD, 49.5 ppm). ESI-MS spectra were obtained with a Waters LCT Premier XE spectrometer.
DL-propargylglycine and H 2 N-PEG-azide were purchased from Aldrich. (+)-Biotin N-hydroxysuccinimide ester and bathocuproine disulphonic acid were purchased from Dojin. Cu(I) halides and Cu(II) salts are obtained from Wako.
Synthesis of biotin-PEG-azide (2)
(+)-Biotin N-hydroxysuccinimide ester (4, 0.0300 g, 0.088 mmol) and NH 2 -PEG-azide (5, 0.0310 g, 0.088 mmol) and TEA (0.0178 g, 0.176 mmol) were dissolved in DMF (1.2 mL). The reaction mixture was stirred at rt for 12 h and concentrated. The residue was subjected to silica gel chromatography (CHCl 3 : methanol =15: 1) to afford product as colorless amorphous mass (0.0421 g, 83%). 29, 163.82, 70.68-69.96 (12C), 61.72, 60.15, 55.53, 50.67, 40.55, 39.14, 35.90, 29.70, 28.11, 25.58 
Synthesis of compound 9 (Click reaction of N-Boc-DL-propargylglycine (8) and benzyl azide (6))
Benzyl azide (6, 4.7 mg, 35.5 mol) and N-Boc-DL-propargylglycine (8, 7.6 mg, 35.8 mol) were dissolved in tert-butyl alcohol -water ( 
Synthesis of compound 7 (Click reaction of DL-propargylglycine (3) and benzyl azide (6))
Benzyl azide (6, 
Synthesis of compound 1 (Click reaction of DL -propargylglycine (3) and biotin-PEG-azide (2))
Biotin-PEG-azide (2, 15.0 mg, 26 mol) and DL -propargylglycine (3, 5.9 mg, 52 mol) and sodium ascorbate ( 62.76, 60.92, 56.05, 50.63, 40.40, 39.58, 36.14, 28.59, 28.39, 25.83,; 1carboxy 
Cu(I) analysis in the click reaction with bathocuproine disulphonic acid
A fraction of the click reaction (9 L) was pipetted out and added 17 mM bathocuproine disulphonic acid aqueous solution (15 L) and sodium acetate solution (1.22 M, 840 L) . The assay mixture was adjusted to 1 mL with distilled water, then subjected to absorption measurement at 485 nm with spectrophotometer.
